Therefore, the aim of the present work was to analyze the secretion of neuronal amino acid neurotransmitter after adding ketamine to nerve cells, using an in vitro approach, to examine possible modifications in the amino acid secretion. In addition, we analyzed whether the modified secretion of neurotransmitters, when occurring, is due to a specific sensitivity of the nerve cells to this drug.
Materials and Methods
Animals days' pregnant Wistar rats, weighing 250 ± 20 g, were provided by Harbin Hanfang mice breeding company of Heilongjiang Province.
Drugs and chemicals
Ketamine was provided by the College of Veterinary Medicine, North Agricultural University. Others were DMEM (Gibco/BRL, USA), FBS (Invitrogen, Cat. No. 16140071) , glutamate assay kit (Sigma, Cat. No. MAK004), aspartate assay kit (Sigma, Cat. No. MAK095), glycine assay kit (Nanjing Jiancheng Bioengineering Institute).
Cell culture and ketamine treatment
The extraction of fetal rat brain was conducted as previously described (Beaudoin 3 rd et al., 2012) . Primary cultures of nerve cells were according to a previously described method (Tanaka et al., 2013) . The pregnant rats were killed by cervical dislocation and the fetuses were removed from each rat. Subsequently, the head of the fetus was cut off and a small incision was made on the midline from the base of the skull to divide the skull into two halves to reveal the brain. The intact brain was gently removed from the skull and quickly placed in the dissection medium. During this sequence of events, it is important to be extremely fast and careful to avoid contamination. The brain tissue was immersed in the liquid separation and the cerebellum, the hippocampus, the cerebral cortex and other unnecessary tissues were removed to keep the cerebral cortex, which was used to make the nerve cells culture.
The cerebral cortex tissue underwent cutting, digesting, pipetting and filtering. After cell counting, cells were seeded into the culture plates and stored in a cell culture incubator at 5% CO2 and 37°C. The lipophilic 1-B-D arabin of uranosylcytosine (ara-C) 1-5 μm was added to the cell culture two days after inoculation, when and if it was necessary to inhibit the proliferation of non-neuronal cells. Half amount of the medium was replaced twice a week and the cell morphology was routinely observed.
After eight days of culture, ketamine was added to the medium containing the nerve cells at the concentration of 1, 3 and 5 μg/mL. The experiment was performed in triplicate per each concentration. Next, 40 μL supernatant was harvested in a EP tube at 0, 15, 30, 45, 60, 90, 120 min after treatment and the excitatory amino acid glutamic acid and aspartic acid and the inhibitory amino acid glycine and GABA were detected according to the kit manufactured instructions.
Statistical analysis
Data were analyzed using SPSS 17.0 statistical software and showed as the mean ± standard error. Statistical analyses were performed using one-way ANOVA and the Student's t-test. p<0.01 was considered statistically significant. Figure 1 shows the concentration of glutamate in the nerve cells culture after ketamine administration. Ketamine at 1 µg/mL induced a 44% significant increase in glutamate concentration at 15 min after treatment (p<0.01, as compared with the 0 min group), and a decrease from 30 min till 120 min to a level close to the initial concentration, although remaining at a concentration slightly higher to be still significant respect time 0. Ketamine at 3 µg/mL induced a significant decrease in glutamate concentration at 60 min (p<0.01), with an increase at 90 and 120 min that was still significant respect time 0. Ketamine at 5 µg/mL induced a decrease in glutamate concentration, reaching the lowest level at 45 min (p<0.01, 33% decrease as compared with the 0 min group), and increasing from 60 till 120 min, although still significant respect time 0. Figure 2 shows the concentration of aspartate in the nerve cells culture after ketamine administration. Ketamine at 1, 3 and 5 µg/mL induced an increase of the aspartate concentration at 15 min, followed by a decrease, and finally an increase to reach the original concentration at 120 min. Ketamine at 1 µg/mL induced a 39% significant increase in aspartate concentration at 10 min (p<0.01 as compared with the 0 min group), while the increase induced by ketamine at 3 µg/mL was of the 59% at 15 min (p<0.01, as compared with the 0 min group), and the increase induced by ketamine at 5 µg/mL was of the 29% at 15 min (p<0.01, as compared with the 0 min group). Figure 3 shows the concentration of glycine in the nerve cells culture after ketamine administration. Ketamine at 1 µg/mL induced a 35% significant increase in glycine concentration at 45 min (p<0.01 as compared with the 0 min group), while ketamine at 3 µg/mL and 5 µg/mL induced a 23% and 18% significant decrease, respectively, at 15 min (p<0.01 as compared with the 0 min group). These decreased concentrations were back to the initial level at 120 min.
Results
In our experiment, for the excitatory amino acid, ketamine at 3 and 5 µg/mL, the concentration of glutamate both hold the trend of getting down first and up later. The lowest points happened at 60 min (3 µg/ mL), 45 min (5 µg/mL). Ketamine at 1 µg/mL, 3 µg/ mL, 5 µg/mL, the concentration of aspartate increased first, then decreased and finally increased to the normal level. Coincidentally, the top points also happened at the 15 min and the lowest points are all after 45 min. For the inhibitory amino acids, the glycine concentration, Ketamine at 1, 3 and 5 µg/mL decreased 15, 23 and 18% at 15 min separately compared with each 0 min group, at the same time, in these groups, 15 min are all the lowest points. Then they all began to get down first, then gradually increased, and finally returned to the normal level.
Discussion
In our experiments, after adding ketamine 15 min, the content of glutamate and aspartate were decreased significantly, and the content of glycine increased. A previous report showed that anesthesia induced by the dissociative anesthetic ketamine was quick and short, and inducing spontaneous alterations in movements, in particular during the induction of anesthesia. Ketamine reduced the levels of glutamate, aspartate and glycine, of approximately 27-72% according to the time of sampling and to the anesthetic used, compared to the values before anesthesia (Rozza et al., 2000) .
Amino acid neurotransmitters represent the main signal neurotransmitters, and play a key role in the regulation of the spiritual awareness activities. Previous studies show that ketamine inhibits glutamate release from the cerebrocortical area of the brain (Buggy et al., 2000; Lindefors et al., 1997) . Ketamine is considered an anesthetic (especially an inhalation anesthetic) that works by inhibiting the release of presynaptic glutamate, enhancing the re-uptake of glutamate and blocking the postsynaptic excitatory amino acid receptors (Boveris and Puntarulo, 1998) . Several in vitro and in vivo studies demonstrated that volatile compounds depress the central nervous system through the inhibition of glutamate mediated transmission, both via post-synaptic depressant action and pre-synaptic inhibition (Martin et al. 1995; Dildly-Mayfield et al., 1996; Miyazaki et al., 1997) . The level of circulating glutamate is an important factor influencing the synaptic efficacy. Moreover, the small changes of extracellular glutamate can alter the excitatory synaptic transmission by presynaptic and postsynaptic mechanisms (Zorumski et al., 1996) . GABA is an important brain neurotransmitter amino acid, and plays an excitatory and inhibitory regulatory role in the activities of neurons. The anesthetics enhance the central inhibitory neurotransmission mediated by the GABAA receptor-channel complex (Tanelian et al., 1993) . The anesthesia induced by ketamine was also considered to work by enhancing the GABA inhibitory neurotransmission in the central nervous system (Irifune et al., 2000) . Previous studies showed that intravenous administration of anesthetics enhances GABAA receptors and calcium channels involved in the synaptic inhibition, both of which can be provoked by K+ induced reduction of glutamate release and increased GABA release, thereby inhibiting synaptic transmission (Kitayama et al., 2002) . Moreover, it has been demonstrated, in an in vitro experiment, that halothane increases the possibility to open the glycine-activated channel, increasing the affinity of this receptor for the agonist. The increased glycine action may contribute to the general anesthesia of volatile agents (Wakamori et al., 1998) .
The results of ketamine acted directly on cells in vitro fit well with the in vivo experiment, which means that ketamine had the same effect on in vivo and in vitro nerve cells. The secretion of excitatory amino acids decreased and inhibitory amino acid increased, they both reduced the effect of synaptic excitation, so that the nerve became desensitive to the excitation and made the body to anesthesia. Previously reports show-ed different results compared to our results, because they were in vivo experiments, where the neurotransmitter amino acids concentration was monitored directly in the part of the brain related to their site of release and the selected time points was less compared with our experiments. Thus, these previous reports are showing a simple trend of effects, and not a complex increase/decrease of the amino acids concentration, as we obtained in our results. However, our experiments performed in vitro using nerve cells from the cerebral cortex tissue and testing continuously the amino acids concentration, showed the influence and action of ketamine on the release of the neurotransmitter amino acids without the interference of in vivo factors due to the complexity of the whole brain.
Conclusion
The first 15 min may represent the time that the nerve cells needed to interact and to adapt to ketamine. The drug began to play its regulatory effect in the nerve cells only after 15 min after treatment, decreasing the concentration of the excitatory amino acid glutamate and aspartate and increasing the concentration of the inhibitory amino acid glycine, to achieve the anesthetic effect. 
